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SUMMARY 

The Structural Dynamics Division at NASA Langley Research Center has started a 
wind tunnel activity referred to as the Benchmark Models Program. The primary objective 
of the program is to acquire measured dynamic instability and corresponding pressure data 
that will be useful for developing and evaluating aeroelastic type CFT) codes currently in 
use or under development. The program is a multi-year activity that will involve testing of 
several different models to investigate various aeroelastic phenomena. The first model 
consisted of a rigid semispan wing having a rectangular planform and a NACA 0012 airfoil 
shape which was mounted on a flexible two degree-of-freedom mount system. Two wind- 
tunnel tests have been conducted with the first model. Several dynamic instability 
boundaries were investigated such as a conventional flutter boundary, a transonic plunge 
instability region near Mach=0.90, and stall flutter. In addition, wing surface unsteady 
pressure data were acquired along two model chords located at the 60 and 95-percent span 
stations during these instabilities. At this time, only the pressure data for the conventional 
flutter boundary is presented. This paper presents the conventional flutter boundary and the 
wing surface unsteady pressure measurements obtained at the conventional flutter boundary 
test conditions in pressure coefficient form. This paper also contains wing surface steady 
pressure measurements obtained with the model mount system rigidized. These steady 
pressure data were acquired at essentially the same dynamic pressure at which conventional 
flutter had been encountered with the mount system flexible. 


INTRODUCTION 

Uie development of unsteady aeroelastic coiiiputational fluid dynamic (CFD) codes 
requires experimental data to validate computed results and/or for use as a guide for 
modification of analyses methods. The Benchmap: Models Program 1 was initiated by the 
Structural Dynamics Division at NASA L^gley Research Center to provide such 
experimental data and to aid in understanding the flow phenomena associated with unusual 
aeroelastic phenomena. 

The Benchmark Models Program (BMP) has identified several aerodynamic 
configurations to be tested in the NASA Langley Transonic Dynamics Tunnel (TDT). 

Some configurations are models for testing on a flexible mount system, referred to as the 
Pitch and Plunge Apparatus (PAPA). The NACA 0012 airfoil rectangular wing is the first 
of these BMP PAPA mounted models. To date, two wind tunnel tests have been conducted 
for this model. During the first wind-tunnel test, flutter boundaries were defined and wing 
surface pressure measurements were obtained for a partial set of pressure transducers at the 
60-percent span station. Preliminary results from this test are presented in reference 2. 
These results were used primarily as a guide for defining the scope of the second test. The 
second wind-tunnel test of this model was conducted to determine the flutter boundaries 
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while simultaneously taking surface pressure measurements at most flutter conditions. For 
the second test, additional pressure transducers were installed on the wing to give more 
wing surface pressure measurements at both the 60-percent and 95-percent span stations. 

This report presents the conventional flutter boundary defined dimng the second test 
and contains the wing surface unsteady pressure measurements acquired at the conventional 
flutter boundary test conditions. This report also contains an extensive set of wing surface 
steady pressure measurements obtained with the model support system rigidized. In 
addition, the wind-off structural dynamic characteristics of the wing mounted on the 
flexible mount system and the measured airfoil coordinates of the wing model are 
presented. All pressure results are tabulated and presented in pressure-coefficient form. 
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NOMENCLATURE 

Speed of sound, ft/sec 
Pressure coefficient during flutter 
Mean pressure coefficient during flutter 
Minimum pressure coefficient during flutter 
Maximum pressure coefficient during flutter 
Wing streamwise local chord length, 16-inches 
Frequency, Hz 

Wind-off pitch frequency, 5.20 Hz 
Flutter frequency, Hz 
Flutter frequency ratio 
Structural damping 

Vertical (plunge) displacement, inches 
Reduced frequency, k=(c/2)coA^ 

Wing spanwise length, 32 inches 
Leading edge 

Calculated moving mass of wing/PAPA mechanism, 5.966 slugs 

Free-stream Mach number 

Phase angle referenced to pitch rotation, degrees 

Free-stream dynamic pressure, psf 

Reynolds number based on chord length 

Statistical Standard Deviation (an RMS value) 

Tab point number 
Trailing edge 

Free-stream velocity, ft/sec 
Hutter speed index, Vi=V/(c/2)o)'\/ii 
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woz 


Wind-off- zero 

X Chordwise distance from wingleading edge, inches 

x/c ■ Fraction of local chord 

y Spanwise coordinate (also Y), inches 

z Vertical coordinate, inches 

a Wing angle of attack (also alpha), degrees 

11 Fraction of wing span (also ETA) 

6 Pitch notation (positive L.E. upl, (fcgrees 

p Mass ratio, p= m/7tpl(c2/4) 

p Free- stream density, slugs/ft^ 

(0 Circular frequency, rad/sec 


WIND TUNNEL 

The wind-tunnel tests were conducted in the Langley Transonic Dynamics Tunnel 
(TDT)3. The TDT is a continuous flow, single return wind turniel with a 16-foot square 
test section (with cropped comers) having slots in all four walls. It is capable of operating 
at Mach numbers up to 1.2 and at stagnation pressures from near vacuum to atmospheric. 
The tunnel is equipped with four quick-opening bypass valves which can be used to rapidly 
reduce test-section dynamic pressure and Mach number when an instability occurs. 
Although either air or a heavy gas can be used as a test medium, only air was used for the 
present tests. 


MODEL DESCRIPTION 

The model is a semispan rigid wing mounte 1 on a flexible mount system referred to as 
the Pitch and Plunge Apparatus (PAPA). A phot iaph of the model mounted in the TDT 
test section is shown in figure 1. A planform viev. of the model is shown in figure 2. The 
model has a NACA 0012 airfoil section and a rectangular planform with a span of 32 
inches and a chord of 16 inches. The mount system is attached to a turntable which 
provides for angle-of-attack variation. Transiti o n strips made up of No. 30 carborundum 
grit were applied to the model approximately one inch back from the leading edge 
(approximately 6-percent chord) on both the upper and lower surfaces. 

Design coordinates for the NACA 0012 airfoil section are presented in table 1 . The 
equation for the airfoil design coordinates is available from reference 4. 

After the model was fabricated, measurements were made at four spanwise stations to 
define the actual fabricated and assembled shape of die airfoil. These measured airfoil 
coordinates for four spanwise stations are presented in table 2. 

The model was designed to allow installation of 80 in-situ pressure transducers for 
measurement of unsteady wing surface pressures. These pressure transducers were 
referenced to wind-tunnel static pressure. Forty of the transducers are located at the 60- 
percent span station, and forty at the 95 -percent span station. The span locations for each 
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pressure measurement are indicated in figure 2. The chordwise locations for each pressure 
measurement on the airfoil cross section are illustrated in figure 3 and presented in table 3. 

Details of the model construction can be seen in the photographs of figure 4. The lower 
photograph shows that the model was fabricated in three sections. Each section was 
machined from solid aluminum stock. The sections were bolted together after the pressure 
transducers, reference pressure tubes, and wiring were installed. In the upper left 
photograph is an expanded view of a portion of the mid section which shows holes drilled 
in the edge of the section. These holes were used for insertion of the pressure transducers. 
Two pressure transducers are shown next to the model. One of the pressure transducers is 
shown mounted in a brass tube. The brass tube is used to protect the transducer when it is 
inserted and removed from the model. The associated orifice holes for the pressure 
transducers are located about one inch from the inboard edge of the mid section and tip 
section. When the pressure transducers and sleeves are inserted, the measurement face of 
the pressure transducer is within 0.2 inch of the orifice location on the wing surface where 
the pressure measurement is being made. Exceptions are the trailing edge pressure 
transducers which are approximately 0.7 inch from the orifice location. 

There arc four accelerometers in the model, one near each comer, used to assist in 
identifying model dynamic characteristics during testing. These accelerometers are mounted 
in pockets, one of which is shown in the photograph in the upper right of figure 4. 


MOUNT SYSTEM 

The model mounting system is composed of two basic parts. They include a flexible 
support which could be rigidized, and a large splitter plate. The model is mounted outboard 
of the splitter plate. 

The flexible support, which allows pitch and plunge motion of the model, is located behind 
the splitter plate. A description of the flexible mount system, referred to as the PAPA (Pitch 
and Plunge Apparatus),5,6 is presented in figures 5, 6, and 7. Figure 5 is a photograph which 
shows a moving plate supported out from the tunnel wall by a system of four rods and a 
centerline flat plate drag strut all with fixed-fixed end conditions. At the tunnel wall the rods 
and drag strut are attached to a mounting plate attached to a turntable so that the model angle of 
atta ck c an be varied. 


The rods and flat plate drag strut provide linearly constrained motion so that the model can 
oscillate sinusoidally in pitch and plunge. The oscillations are functions of the stiffness of the 
rods, the mass properties of the moving apparatus, and the aerodynamic forces on the model. 
The structural properties of this simple mount system can be well defined mathematically and 
can be easily measured for flutter calculations. This makes the PAPA mount system a valuable 
tool for obtaining experimental model flutter data for correlation with analysis because 
disagreement between theory and experiment can be primarily attributed to aerodynamics. The 
PAPA is instrumented with two strain gage bridges oriented to measure bending and torsional 
moments from which wing model instantaneous plunge position and pitch angle can be 
obtained. These are located on the flat plate drag strut near the mounting plate. 

Rigidizing the flexible support was achieved by enclosing the rod system with a 12- 
inch by 12-inch box-beam that was 38.5 inches long. The box-beam was attached to the 
moving plate at one end, and the mounting plate at Ae other. The mounting plate attached to 
the turntable (as in the flexible configuration) so that the model angle of attack could be 
varied. The box-beam was composed of four 3/r6-inch thick aluminum plates. With the 
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mount system rigidized the model could be tested in a position that was set by the turntable 
position. 


The PAPA splitter plate, shown in figure 6,1s suspended out from the test-section wall by 
struts which are about 40 inches long. The spli tter plate is 12 feet long and 10 feet high. The 
centerline of the model and the PAPA support system is 7 feet rearward from the leading edge 
of the splitter plate. The PAPA mount system rods and drag strut are enclosed in a fairing 
behind the splitter plate. The wing model and end plate are the only parts of the apparatus that 
are exposed to the flow in the test section. The splitter plate serves to separate flow over the 
model from flow around the mount system fairing which is located between the splitter plate 
and the test section wall. 


A top view sketch which shows how the wrag model, the PAPA apparatus, the splitter 
plate and other components fit together is presented as figure 7. The model is attached to a 
short pedestal or spacer which protrudes throup the opening in the splitter plate, all of 
which attaches to the moving plate. The moving plate has provisions for the addition of 
ballast weights (indicated in figure 7) to adjust the mount system structural dynamic 
characteristics. The opening in the splitter plate is covered by a thin circular end plate 
attached to the root section of the model to prevent flow through the splitter plate. The 
circular end plate has a diameter equal to the model chord length. The circular plate can be 
seen in the photograph of figure 6. The gap between the end plate and the splitter plate was 
less than one-tenth of an inch, but sufficient so that the end plate did not rub against the 
splitter plate. 


DATA ACQUISITION AND REDUCTION 

Wing model and mount system transducer time history data were acquired at the 
conventional flutter boundary test conditions with the TDT data acquisition system. The 
data were acquired simultaneously (not multiplexed) for all transducers at a rate of 1(X) 
samples per second for 40 seconds and recorded in digital form on disk. 

For each differential pressure transducer (the pressure transducers were referenced to 
wind-tunnel static pressure) the mean, minimum, maximum, and standard deviation values 
were c^culated using all 4000 samples of data. Tliese pressure values were divided by the 
dynamic pressure (q) at the test condition to fo rm a pressure coefficient Cp. This analysis 
method was used when the mount system was flexible (unsteady pressure data) as well as 
when it was rigidized (steady pressure data). 

The plunge position of the wing model was determined from a strain gage bridge 
measurement on the flat plate drag strut of the mount system. The pitch position of the 
model was determined by adding the pitch (twist) of the PAPA support system, also 
determined by a strain gage bridge measurement, to the measured turntable pitch angle. A 
discrete (single frequency) Fourier transform at the flutter frequency was used to 
dete^ne, for each pressure measurement, the first-harmonic magnitude and phase in 
relation to the pitch position of the wing model during flutter. The flutter frequency was 
determined by analyzing the torsion strain gage bridge measurement and identifying the 
frequency of the peak amplitude. 


STRUCTURAL DYNAMIC CHARACTERISTICS 

The first two wind-off natural modes of vibration for the NACA 0012 model/PAPA mount 
system assembly are the wing-model rigid-body plunge and rigid-body pitch modes 
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rcsp^tively. Inertia coupling between these two modes was eliminated by positioning ballast 
weights on the PAP A system moving plate so that the system center of gravity was on the 
PAPA elastic axis (centerline). Therefore the rigid-body plunge mode consists only of vertical 
tr^slation of the wing model and the rigid-body pitch m^e consists only of rotation of the 
wmg model about the mid-chord. The measured frequencies, damping and stiffnesses for these 
two modes are presented in table 4. Modal displacements for corresponding, unit-generalized- 
masses arc also presented in table 4. 


CONVENTIONAL FLUTTER BOUNDARY EXPERIMENTAL RESULTS 

The conventional flutter boundary, a plunge instability region, and stall flutter boundaries 
were defined duipg testing. These boundaries are similar to those encountered during the 
first test as described in reference 2, As mentioned previously, the flutter results presented 
herein are from the conventional flutter boundary only. 

The conventional flutter boundary for zero degrees angle of attack, is shown in figure 8 
^ flutter dynamic pressure versus Mach number. The conventional flutter data is represented 
by the symbols. The mt^el is stable below the boundary and is unstable above the boundary. 
An unusual trend of an increase in flutter dynamic pressure with subsonic Mach numbers is 
shown. This is probably a result of the elastic axis of the wingAnount system being located at 
the wmg mid-chord. There is a small transonic dip near M=0.77 followed by a sharp upward 
boundary near M=0.80. The flutter boundary is well defined with a large number 
of flutter points and relatively small scatter. A tabulation of the test conditions and flutter 
parameters for each test point on the conventional flutter boundary are presented in table 5. 
Also included in table 5 are the magnitude and phase of the pitch and plunge displacement 
dunng flutter, 0 and h respectively. 


PRESSURE MEASUREMENTS AT THE CONVENTIONAL 
FLUTTER BOUNDARY 

Wing surface pressures were measured during most of the flutter points obtained during 
testmg. At this time, only the pressure (kta for the conventional flutter boundary have been 
processed. A summary of the test conditions at which wing surface pressure measurements 
wrat obt^ned for the conventional flutter boundary is presented in table 6 for convenience 
of identtfying and locating a desired set of pressure data. Each test condition is identified by 
a tab point number which is located in the first column of table 6. In addition the nominal 
Mach number and nominal dynamic pressure (q) for the test conditicHi arc presented. Mach 
number and dynamic pressure varied a small amount during the 40-second data acquisition 
prtxess. The nominal values presented are the wind-tunnel test conditions immediately 
following the 40-second data acquisition process 

rneasured pressure coefficient mean values (Cp Mean), the range of variation (Cp 
Mm, Cp M^), and the standard deviation of the wing surface pressure measurements for 
the conventional flutter boundary are presented in table 7. The test condition tab point 
niimter is located in the upper left-hand comer of each page of table 7. Sample plots 
showing the range of variation (Cp minimum and Cp maximum) of the unsteady pressure 
mstiibution, and Cp mean (average) of the unsteady pressure distribution during flutter at 
M= 0.51 arc presented in figure 9. Figure 9 shows results for both the 60-percent and 95- 
percent span stations. 


TTie magnitude of the unsteady pressure coefficients (Cp Magnitude) and the phase relative 
to the pitch displacement of the wing model, during flutter, were obtained from a discrete 
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Fourier analysis at the flutter frequency. These are presented in table 8 for the data sets 
obtained during the exploration of the conventional flutter boundary. In addition, the first 
harmonic plunge and pitch magnitudes (h and 9) and phases relative to the pitch motion are 
presented in table 8. The measurement point number (tab), Mach number, dynamic pressure 
(q), and mean alpha are also presented. Sample magnitude and phase plots are presented in 
figure 10 for tab point 74, M=0.51. Data are presented on the left for the 60 percent span 
station and on the right for the 95-percent span station. The first harmonic unsteady pressure 
coefficient magnitude for both the upper and lower surface measurements are largest at the 
wing leading ^ge followed by a decrease at locations further aft on the chordline. The 
unsteady surface pressures along the upper surface are about 180 degrees out of phase with the 
pitch motion of the model. The lower surface pressures are generally in phase. 


PRESSURE MEASUREMENTS WITH MOUNT SYSTEM RIGIDIZED 

During a portion of the testing the model mount system was rigidized so that wing surface 
steady pressures could be measured with the model in a fixed position. Pressure data were 
obtained to show the degree of flow unsteadiness that exists across the Mach number range at 
essentially the same dynamic pressure at which conventional flutter had been encountered with 
the flexible mount system. A summary of the test conditions at which steady pressure data 
were obtained for the model in a fixed position is presented in table 9. Wing surface steady 
pressure measurement conditions are presented for 13 Mach number test conditions. At a 
given test condition the model angle of attack was varied and data were acquired. The pressure 
coefficient mean, minimum, and maximum, and standard deviation are presented in Table 10. 
The measurement point number, Mach, q, an d tnodel alpha are also presented. Sample plots of 
the pressure distribution for M=0.50 at alpha= DU degrees with the support system rigidized 
are presented in figure 1 1. The data in figure 11 are the mean, minimum and maximum values 
for the model measured surface pressure coefficients at the 60 and 95 percent span stations 
from the leading edge (x/c = 0.0) towards the trailing edge (x/c = 1.0). 


CONCLUDING REMARKS 

The Benchmark Models Program (BMP) has been initiated with the primary objective of 
obtaining experimental data for aeroelastic CFD code development, evaluation, and validation. 
The first BMP model consisted of a rigid semispan wing having a rectangular planform and a 
NACA 0012 airfoil shape. This model was mounted on a flexible two degree-of-freedom 
mount system. Tests on the first BMP model have been conducted in the NASA Langley 
Transonic Dynamics Tunnel to investigate instability boundaries while simultaneously tiring 
surface pressure measurements. Severi different types of dynamic instability were 
investigated. They included conventional flutter, a plunge instability region, and stall flutter. At 
this time, only the pressure data for the conventional flutter boundiy is presented. 

This report presents only the conventional flutter boundary defined during testing and the 
corresponthng wing surface unsteady pressure measurements acquired at the conventional 
flutter boundary test conditions. This report also contains an extensive set of wing surface 
steady pressure measurements obtained with the model support system rigidized. In addition, 
the wind-off structural dynamic characteristics of the wing, mounted on the flexible mount 
system, and the measured airfoil coordinates of the wing model are presented. All pressure 
results are tabulated and presented in pressure-coefficient form. 

Early release of these experimental results is intended to help in the development and 
validation of aeroelastic CFD codes. 
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TABLE 1. - Design airfoil coordinates 


x/c 

X , in . 

z , in . 
( upper ) 

z , in . 
( iower ) 

x/c 

X , in . 

z , in . 
( upper ) 

z , in . 
( lower ) 

0.000 

0,000 

0.000 

0.000 

0.500 

8.000 

0.847 

- 0.847 

0.002 

0.032 

0.125 

- 0.125 

0.510 

8.160 

0.837 

• 0.837 

0.005 

0.080 

0.195 

- 0.195 

0.520 

8.320 

0.826 

• 0.826 

0.010 

0.160 

0,273 

• 0.273 

0,530 

8.480 

0.815 

• 0.815 

0.020 

0.320 

0.378 

- 0,378 

0.540 

8.640 

0.804 

• 0.804 

0.030 

0.480 

0.454 

- 0.454 

0,550 

8.800 

0.792 

• 0.792 

0.040 

0.640 

0.516 

- 0.516 

0.560 

8.960 

0.780 

- 0.780 

0.050 

0.800 

0.569 

- 0.569 

0.570 

9.120 

0.768 

- 0.768 

0.060 

0.960 

0.614 

- 0.614 

0.580 

9.280 

0.756 

- 0.756 

0.070 

1.120 

0.654 

- 0.654 

0.590 

9.440 

0.743 

- 0.743 

0.080 

1.280 

0.689 

- 0.689 

0.600 

9.600 

0.730 

- 0.730 

0,090 

1.440 

0.721 

- 0.721 

0.610 

9.760 

0.717 

- 0.717 

0.100 

1.600 

0.749 

- 0.749 

0,620 

9.920 

0.703 

• 0.703 

0.110 

1.760 

0.775 

- 0.775 

0.630 

10.080 

0.690 

• 0,690 

0.120 

1.920 

0.798 

- 0.798 

0.640 

10.240 

0.676 

- 0.676 

0.130 

2.080 

0.819 

- 0.819 

0.650 

10,400 

0.661 

- 0.661 

ai 40 

2.240 

0.838 

■ 0.838 

0.660 

10.560 

0.647 

- 0.647 

0.150 

2.400 

0.855 

- 0.855 

0.670 

10.720 

0.632 

- 0.632 

0.160 

2.560 

0,871 

- 0.871 

0.680 

10.880 

0.617 

- 0.617 

0.170 

2.720 

0.885 

- 0.885 

0.690 

11.040 

0.602 

- 0.602 

0.180 

2.880 

0.897 

- 0.897 

0.700 

11.200 

0.586 

- 0.586 

0.190 

3.040 

0.908 

- 0.908 

0.710 

11.360 

0.571 

- 0.571 

0.200 

3.200 

0.918 

- 0.918 

0.720 

11.520 

0.555 

- 0.555 

0.210 

3.360 

0.927 

- 0.927 

0730 

11.680 

0.539 

- 0.539 

0.220 

3.520 

0.934 

• 0.934 

0.740 

11.840 

0.522 

- 0.522 

0.230 

3.680 

0.941 

- 0.941 

0.750 

12.000 

0.506 

- 0.506 

0.240 

3.840 

0.946 

- 0.946 

0.760 

12.160 

0.489 

- 0.489 

0.250 

4.000 

0.951 

- 0.951 

0.770 

12.320 

0.472 

- 0.472 

0.260 

4.160 

0.954 

- 0.954 

0.780 

12.480 

0.455 

- 0.455 

0.270 

4.320 

0.957 

- 0.957 

0.790 

12.640 

0.437 

- 0,437 

0.280 

4.480 

0.959 

- 0.959 

0.800 

12.800 

0.420 

- 0.420 

0.290 

4.640 

0.960 

• 0.960 

0.810 

12.960 

0.402 

- 0.402 

0.300 

4.800 

0.960 

- 0.960 

0.820 

13,120 

0.384 

- 0.384 

0.310 

4.960 

0.960 

- 0.960 

0.830 

13.280 

0.366 

- 0.366 

0.320 

5.120 

0.959 

- 0.959 

0.840 

13.440 

0.347 

- 0.347 

0.330 

5.280 

0.957 

- 0.957 

0.850 

13.600 

0.328 

- 0,328 

6:340 

5.440 

0.955 

• 0.955 

0.860 

13.760 

0.309 

- 0.309 

0.350 

5.600 

0.952 

- 0 . 9 S 2 

0.870 

13.920 

0.290 

- 0.290 

0.360 

5.760 

0.948 

- 0.948 

0,880 

14.080 

0.271 

- 0.271 

0.370 

5.920 

0.944 

- 0.944 

0.890 

14.240 

0.252 

- 0.252 

0.380 

6.080 

0.939 

- 0.939 

0.900 

14.400 

0.232 

- 0.232 

0.390 

6.240 

0.934 

- 0.934 

0.910 

14.560 

0.212 

- 0.212 

0.400 

6.400 

0.928 

- 0.928 

0.920 

14.720 

0.191 

- 0.191 

0.410 

6.560 

0.922 

- 0.922 

0.930 

14.880 

0.171 

- 0.171 

0.420 

6.720 

0.916 

- 0.916 

0.940 

15.040 

0.150 

- 0.150 

0.430 

6.880 

0.908 

- 0.908 

0.950 

15.^0 

0.129 

- 0.129 

0.440 

7.040 

0.901 

- 0.901 

0.960 

15.360 

0.108 

- 0.108 

0,450 

7.200 

0.893 

- 0.893 

0.970 

15.520 

0.086 

- 0.086 

0.460 

7.360 

0.884 

- 0.884 

0.980 

15.680 

0.064 

- 0.064 

0.470 

7,520 

0.876 

- 0.876 

0.990 

15.840 

0.042 

- 0.042 

0.480 

0.490 

7.680 

7.840 

0.867 

0.857 

- 0.867 

- 0.857 

1.000 

16.000 

0.020 

- 0.020 
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TABLE 2. - Measured airfoil coordinates 



(a) y*0.75 in. 



(b)y-19.25 In. 


X, In. 

2 . in. 

z, In. 

X, In. 

z, in. 

z.in. 


{up^r) 

(lower) 


(upper) 

(lower) 

0.000 

0.000 

0.000 

-0.006 

0.023 

-0.024 

0.041 

0,142 

-0.141 

0.035 

0,132 

^,147 

0.082 

0.198 

-0.190 

0.076 

0.188 

-0.205 

0.123 

0.240 

-0.241 

0.117 

0,231 

-0.248 

0.164 

0.275 

-0.277 

0.158 

0.267 

-0.283 

0.205 

0.306 

-0.308 

0.200 

0.297 

-0.314 

0.246 

0.334 

-0.335 

0241 

0.325 

-0.342 

0.287 

0.359 

-0.360 

0.282 

0.350 

-0.367 

0.328 

0.382 

-0.383 

0.323 

0.373 

-0.390 

0.369 

0.403 

-0.404 

0.364 

0.394 

-0.411 

0.410 

0.423 

-0,424 

0.405 

0.414 

-0.430 

0.451 

0.442 

-0.443 

0.446 

0.432 

-0.449 

0.491 

0.4S9 

-0.460 

0.487 

0.450 

-0.467 

0.532 

0.476 

-0.477 

0.528 

0.467 

-0.483 

0.573 

0.492 

-0.493 

0.569 

0.483 

-0.499 

0.614 

0.507 

-0.508 

0,610 

0.490 

-0.515 

0.655 

0.522 

-0.523 

0-651 

0.512 

-0.529 

0.696 

0.535 

-0.537 

0.692 

0.526 

-0.543 

0.737 

0,549 

-0.550 

0.733 

0.539 

-0.556 

0.778 

0,562 

-0.563 

0.774 

0.552 

-0.569 

0.819 

0,574 

-0.575 

0.015 

0.565 

-0.581 

0.860 

0.586 

-0.587 

0.856 

0.577 

-0.593 

0.901 

0.598 

-0.599 

0.897 

0.588 

-0.605 

0.742 

0.609 

-0.610 

0.938 

0.599 

-0.616 

0.983 

0.620 

-0.622 

0.979 

0.610 

-0.627 

1.024 

0.630 

-0.631 

1.020 

0.621 

-0.637 

1.065 

0,640 

-0.641 

1.061 

0,631 

-0.648 

1.106 

0.650 

-0.651 

1.102 

0.640 

-0.657 

1.147 

0.660 

-0.661 

1.143 

0.650 

-0.667 

1.188 

0.669 

-0.670 

1.184 

0.659 

-0.676 

1.229 

0.678 

-0.679 

1.225 

0.668 

-0.685 

1.270 

0.686 

-0.688 

1.266 

0.677 

-0,694 

1.311 

0.695 

-0.696 

1.307 

0.685 

-0.702 

1.352 

0.703 

-0.704 

1.340 

0.693 

-0.710 

1.393 

0.711 

-0.712 

1.389 

0.702 

-0.718 

1.434 

0.719 

-0.720 

1.430 

0.709 

-0.726 

1.474 

0.727 

-0.728 

1.471 

0.717 

-0.734 

1.515 

0.734 

-0.735 

1.512 

0.724 

-0,741 

1.556 

0.741 

-0.742 

1.553 

0.732 

-0.748 

1.597 

0.748 

-0.750 

1.594 

0.738 

-0.755 

2.396 

0.854 

-0.856 

2.394 

0.844 

-0.861 

3.195 

0.917 

-0.919 

3.194 

0.907 

-0.924 

3.993 

0-950 

-0.951 

3.994 

0.940 

-0.956 

4.792 

0.960 

-0.961 

4.794 

0.950 

-0.966 

5.591 

0.951 

-0.952 

5.594 

0.942 

-0.958 

6.389 

0.928 

-0.929 

6.394 

0.918 

-0.935 

7.188 

0.892 

-0.894 

7.194 

0.883 

-0.900 

7.987 

0.847 

-0.848 

7.994 

0,837 

-0.854 

8.785 

0.793 

-0,794 

8.794 

0.783 

-0.799 

9.584 

0.731 

-0.732 

9.594 

0.720 

•0.737 

10.383 

0.662 

-0.663 

10.395 

0.651 

-0.668 

11.181 

0.587 

-0.589 

11.195 

0.577 

-0.593 

11.980 

0.508 

-0.509 

11.995 

0.496 

-0.513 

12.779 

0.422 

-0.423 

12.795 

0.411 

-0.428 

13.578 

0.331 

-0.332 

13.595 

0.319 

-0.336 

14.376 

0.232 

-0.236 

14.395 

0.223 

-0.240 

15.175 

0.128 

-0.133 

15.195 

0.120 

-0.137 

15.974 

0.000 

-0.026 

15.995 

0.008 

-0.017 
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TABLE 2. - Concluded 



( c ) y « 30.30 in . 



( d ) y - 31.95 in . 


X, In . 

z, in. 

2 , In . 

X, In . 

z , in . 

z . In . 


(upper) 

(lower) 


(upper) 

(lower) 

-o.ooa 

0.009 

- 0.023 

- 0.010 

- 0.007 

- 0.037 

0.033 

0.132 

- 0.145 

0.031 

0.128 

- 0,149 

0.074 

0.190 

- 0.204 

0.072 

0.188 

- 0.207 

0.115 

0.233 

- 0.247 

0.113 

0.232 

- 0.249 

0.156 

0.268 

- 0.282 

0.154 

0.267 

- 0.285 

0.197 

0.298 

- 0.313 

0.195 

0.298 

^.315 

0.236 

0.326 

- 0.341 

0.236 

0.326 

- 0.342 

0.279 

0.351 

- 0,366 

0277 

0.351 

- 0.367 

0.320 

0.374 

- 0.388 

0.318 

0.374 

- 0.390 

0.361 

0.395 

- 0.409 

0.359 

0.396 

- 0.411 

0.402 

0.415 

- 0.429 

0.400 

0.416 

- 0.431 

0.443 

0.434 

- 0.448 

0.441 

0.435 

- 0.449 

0.484 

0.451 

- 0.466 

0.482 

0.452 

- 0.467 

0.525 

0.468 

- 0.482 

0.523 

0.469 

- 0.484 

0.566 

0.484 

- 0.498 

0.564 

0.485 

- 0.500 

0.607 

0.499 

- 0.513 

0.605 

0.500 

- 0.515 

0.648 

0.514 

- 0.528 

0.646 

0.515 

- 0.529 

0.689 

0.527 

- 0.542 

0.687 

0.528 

- 0.543 

0.730 

0.541 

- 0.555 

0.728 

0.542 

- 0.556 

0.771 

0.553 

- 0.568 

0.769 

0.555 

- 0.569 

0.812 

0.566 

- 0.580 

0.810 

0.567 

- 0.581 

0.853 

0.577 

- 0.592 

0.851 

0.579 

- 0.593 

0.894 

0.589 

- 0.604 

0.892 

0.591 

- 0.605 

0.935 

0.600 

- 0.615 

0.933 

0.602 

- 0.616 

0.976 

0.610 

- 0.626 

0.974 

0.613 

- 0.627 

1.017 

0.621 

- 0,636 

1.015 

0.623 

- 0.637 

1.058 

0.631 

- 0.647 

1.056 

0.633 

- 0.647 

1.099 

0.640 

- 0.656 

1.097 

0.643 

- 0.657 

1.141 

0.650 

- 0.666 

1.138 

0.653 

- 0.667 

1.162 

0.659 

- 0.675 

1.179 

0.662 

- 0.676 

1.223 

0.668 

- 0.684 

1220 

0.671 

- 0.605 

1.264 

0.676 

- 0.693 

1261 

0.679 

- 0.694 

1.305 

0.685 

- 0.701 

1.302 

0.688 

- 0.702 

1.346 

0.693 

- 0.709 

1,343 

0.696 

- 0.710 

1.387 

0.700 

- 0.717 

1.384 

0.704 

- 0.718 

1.428 

0.708 

- 0.725 

: _ _ 1.425 

0.712 

- 0.726 

1.469 

0.715 

- 0.733 

1 .467 

0.720 

- 0.734 

1.510 

0.723 

- 0.740 

1.508 

0.727 

- 0.741 

1.551 

0.730 

- 0.748 

1.549 

0,734 

• 0.748 

1.592 

0.736 

- 0.755 

1.590 

0.741 

- 0,755 

2.392 

0.842 

- 0.860 

2.390 

0.848 

- 0.861 

3.192 

0.908 

- 0.923 

3.190 

0.911 

- 0.924 

3.992 

0.943 

- 0.956 

3.990 

0.944 

- 0.956 

4.792 

0.953 

- 0.966 

4.790 

0.954 

- 0.966 

5.592 

0.944 

- 0.957 

5.590 

0.946 

- 0.957 

6.392 

0.921 

- 0.934 

6.390 

0.922 

- 0.934 

7.192 

0.885 

- 0.898 

7.190 

0.886 

- 0.898 

7.992 

0.840 

- 0.852 

7.990 

0.841 

- 0.852 

8.792 

0.785 

- 0.798 

8.790 

0.787 

- 0.797 

9.592 

0.723 

- 0.735 

9.590 

0.724 

- 0.735 

10.392 

0.654 

- 0.667 

10.390 

0.656 

- 0.666 

11.192 

0.580 

- 0.592 

11.190 

0.581 

- 0.591 

11.992 

0.499 

- 0.511 

11.990 

0.501 

- 0.510 

12.792 

0.414 

- 0.425 

12.790 

0.415 

- 0.424 

13.592 

0.322 

- 0.334 

13.590 

0.324 

- 0.333 

14.392 

0.226 

- 0.237 

14.390 

0,227 

- 0.236 

15.192 

0.123 

- 0.133 

15.190 

0.125 

- 0.133 

15.992 

- 0.063 

- 0.023 

15.990 

0.016 

- 0.018 
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TABLE 3. - Pressure orifice locations 
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TABLE 4. - Structural dynamic properties 
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48 0.71 146.9 1106.6 785.7 0.000476 1.316 3366 0.594 4.25 0.817 0.0227 0.26 -177.2 0.89 

42 0.77 144.2 1097.1 844.8 0.000404 1.251 3966 0.589 4.13 0.794 0.0205 0.36 -177.1 0.99 

129 0.80 1472 1109.1 887.3 0.000374 1.196 4284 0.595 4.09 0.787 0.0193 0.25 -177.4 0.60 

134 0.82 159.9 1111.6 911.5 0.000385 1.259 4162 0.620 4.07 0.783 0.0187 0.21 -176.5 0.42 


TABLE 6. - Summary of test conditions where pressures 
were measured during conventional flutter 


Tab 

Nominal Mach 

Nominal q, psf 
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TABLE 7. - Measured steady pressure data during flutter 
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TABLE 7. - Continued 
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TABLE 7. - Concluded 


I 

1 


iQJ^£^SiRSi£Sf^®Qr;:j£noqir>'^<ncNjiH^rHOO\crsr- i-«<SOTHqoooosmvo<nfsj^o 

2 CQ CD Cy S Q ^ 00 ro <vi *—i «— i ?— i »— < i-n i-n i-h «— < rH o O O ro oo oo oj o < — ( oo osj i-h i~j f-j _< 

oooooodooooooooooooooooOoo oboo^HoSoooooo 


oooooooooooooooooooooooooo 


oooo 
ooooooooobbbbb 


y Q ^ CO ^ .H o o tn ^ ^ VD r- o 03 oo a> ^ CD ro CN S' CM 
ra CNj^ 002 ^ 3 *f 0 75 rCT^\f> 00 flC>vi>Trr- 0 pQr^' 3 '^v£>^r-«^OC 0 
S »-HfO»-rOOCVjW««|'ir)lOCS|Cs|.HrHCSJOOrHOi-tOC> 0 »- 4 POO 

g, t-iooo^^^^cp^<p^<p(j><p<^<j)<^dc^d<^<pbdb 


5*wcorgro\f>r-o\»-ivo< 
^c^csi^vooNfOTj'^r^osrOuOC'j 
r^Of~iocsjir><Nf-iOTHOoocg 

^ dd<^’cpcj 5 «j 5 Y<^cj 5 <p<^<pdd 


® ^ 'I . 

•y CL r-I d d 


SI8g^3S3i?io 

~ O t-H I~t 


« S' 


<Ti<TiOQ^r^^OOCN^OOrHr^OC><7'^'^CN»— ItOOO 

rOoocor-r^»oir)’^cooOt-<»HCMO<NOT-io»Hc 4 o 


O' S CD r-« , 
in r* VO < 

ID tH (N rH t 


ISGSasSSSS 

I r~ ^ o 5 r-? CM rH tH o t-i 


o ^ eg VO VO ro 

rH ^ O ro rH ON 
*H Cv} f-l o I— I CM 


VO CM lO ON 
VO 1-t in lio 
r- VO d VO 


r-roppr^^^infncMf^oomiHr-ro< 
■-•vOiHrO'i»'ONcMoco<MQcSinmr*-< 


a 


^^CMCMrO.HOCMOrHOOOr-»CM 
t-Hoddddddddoddddddd 




iD'^d^^^vQQ'O^ONiO.-HVO 
— ^p»HrHj^in^r-cMrof^fHOD 
0^4r-^^VOOOCMOCM«HOOr^ 


TTTTTTTTTTTTTTT??°??°°° 


fio 2 ^ ^ 

M ^ ^ ^ ^ 

w ^ ^ ^ T 


OOpOOOOQOOQOOO 
I I I I I 1 T [ I T I 


u 


8S8^8§85?8S?< 

, ^ ^ ^ ^ ^ ^ ' 

dddddddooodddddddddodddddiH 


» m < 

» f 

» o 1 


!8S88! 

S r- r> 00 00 < 


SS8S888888888S 

ooootHCMro^inCBr^opoNON 

oooooodddddddd 


0 _ 


’ o 

. d 


SPF!PPia:pcSF:fSg! 8 Ejsg S 8 SB 8 8 SSSagt aSB 888 dSSS 8 SBS 


tJ* CO ON 


8 

d 


*d 

tn 


m VO VO m <» CM 
888888 
d d d d d d 


r^or^cMVOi-fO^moNr^cNinfncnfHOOir' 

S8d8S8SS8dgggdggg88 

ooooooodddddddddddd 


VO r' 

Q ro 
o o 

d d 


invni-«vo^cnr-vocMooD 

OOOOrHOOOOOO 

ooodddddddd 


I 




«— I f— I Q ' 

■'ssi: 


I S ^-loodcp 


MVoujooONioQ’^^^’^'^^^NDfnQiHr^ 
opr^ri^y-trooDCMf^ovo^aN^cMCMwoofn 
^voinf--voinrnrocMOi-Hf-iooo<MCMCoco 

o cp o o ^ o ^ o o ^ ^ <p o o Y o d d d gdd 


CM ON 

cn in 
m CM 


Q t ^ VO go 
go in ON rH in to P 
o CM ^ 00 rn o o 

oepepd^d^dddd 


' p o o go VO 
k o ^ ^ in p 
• ^ 1-i CM CM O 


1o S' 


S' 


CM p m CM ^ CM 

rH ^ ' 

r-i XT < 

r4 d <p ^ cp < 


J g Vp ON ^ 


I— I f— i o 

d 


a?: 

r- r- 




OOr^ONONONlOtHCMCMOi-liHi-ICMrOCM 


vocncM«HincMfHf-i^^ONvoaNTr^i-Hvorn^ 

SCS8SP88S;^Sa28S&3as8 

cpcpcpcpcpcpcpcpcp^^cpocpcpdddd 


u 

8S 

ro 0 

^ ON ON 
S' m CM 

0 m VO 

S' ^ ^ ON 
in s in <N 
ON ON CM iH 

10 

d d 

??? 

???? 

1 




1 

CO 
^ r- 

^ f-f 

00 r-l in 

t-H S' Vi> 

0 cn m 

894 

796 

125 

066 




ocpocpcpcp^oooo 




» o < 

> iH < 

> O i 


l §§8 88888888888 S 8881 

kooo f-»i-icMCMfO<n^^ininvovor^r*-<x>< 


000000 


i ON < 


‘ n- 00 < 

dddddddddddddddddd«-4 




O f-l CM CO ^ I 

ooooooooddd 


•H CM <n ^ in VO 


«<»>Si=|pjgsiqsQ)S©aRlR|SSWS B8 RFlf><RSWSPi888 


28 





TABLE 8. - Measured unsteady pressure data during flutter 


laa 

42 


q Nfean a 

^fech (psf) (deg) 

0.77 144.7 0.07 


Feferenoe freqaeiKy is 4.130 Hz 


^&g Phase (deg) 

h 0.36 in -177.1 

0 0.99 deg 0.0 


Upper surface at ETA =0.60 


Upper surface at Elh = 0.95 


5?/C 

Op ^feg 

Phase (deg) 

Qiannel 

x/c 

Cp 

0.000 

0.000 

-170.6 

© 

0.000 

0.002 

0.010 

0.121 

-180.8 

10 

0.010 

0.103 

0.020 

0.124 

-180.8 

71 

0.020 

0.105 

0.030 

0.113 

-180.6 

72 

0.030 

0.098 

0.040 

0.098 

-180.8 

73 

0.040 

0.087 

0.050 

0.075 

-180.9 

74 

0.050 

0.068 

0.075 

0.251 

-181.2 

75 

0.075 

0.196 

0,100 

0.132 

-180.7 

IS 

0.100 

0.053 

0.150 

0.094 

-180.2 

77 

0.150 

0.058 

0.200 

0.117 

-179.6 

78 

0.200 

0.045 

0.250 

0.158 

-176.6 

79 

0.250 

0.029 

0.300 

0.091 

-176.6 

83 

0.300 

0.018 

0.350 

0.011 

-158.5 

a 

0.350 

0.012 

0.400 

0.009 

-160.8 

82 

0.400 

0.007 

0.450 

0.008 

-163.1 

83 

0.450 

0.004 

0.500 

0.007 

-160.4 

04 

0.500 

0.002 

0.550 

0.005 

-156.8 

85 

0.550 

0.001 

0.600 

0.003 

-148,0 

86 

0.600 

0.003 

0.650 

0.002 

-126.6 

87 

0.650 

0.004 

0.700 

0.001 

-066.7 

88 

0.700 

0.005 

0.750 

0.002 

-028.8 

89 

0.750 

0.006 

0.800 

0.004 

-015.3 

90 

0.800 

0.007 

0.850 

0.004 

-007.0 

90. 

0.850 

0.007 

0,900 

0.004 

-003,8 

$ 

0.900 

0.007 

0,950 

0.004 

001.7 

9B 

0.950 

0.004 

1.000 

0.000 

150.5 

94 

1,000 

0.001 

surface at 

ETA = 0.60 


Lower surface at 

ETA = 0, 

0.010 

0.122 

-001.8 

96 

0.010 

0.103 

0.020 

0.128 

-000.5 

95 

0.020 

0.103 

0.030 

0.119 

-001.5 

97 

0.030 

0.099 

0.050 

0.087 

-000.5 

96 

0.050 

0.071 

0.100 

0.132 

-000.6 

99 

0.100 

0.062 

0.200 

0.118 

000.1 

100 

0.200 

0.044 

0.300 

0.081 

004.3 

101 

0.300 

0.020 

0.400 

0.013 

013.6 

102 

0.400 

0.008 

0.500 

0.008 

015.6 

103 

0.500 

0.002 

0.600 

0.004 

026.3 

104 

0.600 

0.003 

0.700 

0.002 

079.7 

m 

0.700 

0.005 

0.800 

0.003 

159.9 

106 

0.800 

0.007 

0.900 

0.004 

174.5 

10T7 

0.900 

0.008 

0.950 

0.004 

181.4 

108 

0.950 

0.005 


Phase (deg) 
-178.0 
-180.4 
-180.7 
-181.0 
-180.6 
-180.4 
-180.7 
-179.5 
-180.4 
-178.4 
-176.8 
-174.9 
-172.3 
-168.8 
-161.1 
-138.8 
-051.8 
-021.9 
-010.9 
-007.8 
-005.7 
-003.4 
-002.4 
-001.5 
001.0 
099.9 


-000.5 

-000.4 

- 000.6 

-000.4 

000.6 

001.4 

004.5 
009.8 

040.2 

154.5 

170.1 

174.5 

178.1 

178.3 
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TABLE 8. - Continued 


q ^fean a 

Ta> Nbcii (psf) (deg) 

4B 0.71 147.3 0.04 


Ifeferenae freqtency is 4.252 Hz 


Mfeg Phase (d^) 

h 0.26 in -177.2 

0 0.89 0.0 


Upper surface at ETA = 0.60 Upper surface at =_0.^5 


x/c 

Op 

Phase (cteg) 

Channel 

k/c 

Cjp Mag 

Phase (deg) 

0.000 

0.0CX3 

-013.0 

© 

0.000 

0.002 

-173.7 

0.010 

0.137 

-181.0 

7) 

0.010 

0.106 

-180.2 

0,020 

0.139 

-180.9 

71 

0.020 

0.106 

-180.4 

0.030 

0.129 

-180.6 

IZ 

0.030 

0.098 

-180.4 

0.040 

0.118 

-180.7 

13 

0.040 

0.089 

-180.1 

0.050 

0.100 

-180.9 

74 

0.050 

0.077 

-179.8 

0.075 

0.160 

-180.4 

75 

0.075 

0.079 

-179.5 

0.100 

0.105 

-180.0 

75 

0.100 

0.059 

-179.2 

0.150 

0.089 

-179.2 

77 

0.150 

0.041 

-179.1 

0.200 

0.069 

-177.6 

TB 

0.200 

0.030 

-177.5 

0.250 

0.051 

-176.3 

79 

0.250 

0.021 

-176.0 

0.300 

0.040 

-176.3 

80 

0.300 

0.016 

-174.6 

0.350 

0.031 

-175.1 

a 

0.350 

0.012 

-172.4 

OAOO 

0.023 

-173.6 

82 

0.400 

0.008 

-169.2 

0.450 

0.019 

-172.6 

83 

0.450 

0.005 

-164.0 

0.500 

0.014 

-170.6 

81 

0.500 

0.003 

-153.3 

0.550 

0.011 

-167.5 

85 

0.550 

0.002 

-122.8 

0.600 

0.008 

-164.5 

86 

0.600 

0.001 

-060.6 

0.650 

0.006 

-161.0 

87 

0.650 

0.003 

-028.9 

0.700 

0,004 

-147.9 

88 

0.700 

0.004 

-017.4 

0.750 

0.002 

-117.0 

89 

0.750 

0.005 

-011.5 

0.800 

0,002 

-059.7 

90 

0.800 

0.005 

-008.4 

0.850 

0.003 

-026.1 

21 

0.850 

0.006 

-(X)6.6 

0.900 

0.004 

-014.4 

92 

0.900 

0.006 

-005.6 

0.950 

0.004 

-008.5 

93 

0.950 

0.004 

-004.0 

1.000 

0.001 

-140.2 

91 

1.000 

0.001 

159.0 

surface at 

: EJIA == 0. 

60 

Lower surface at EIA * 0. 

95 

0.010 

0.137 

-002.1 

96 

0.010 

0.105 

-000.4 

0.020 

0.144 

-000.9 

96 

0.020 

0.104 

-000.4 

0.030 

0.134 

-001.9 

97 

0.0^ 

0.098 

-OCX). 5 

0.050 

0.109 

”€00.9 

98 

0.050 

0.076 

-000.4 

0.100 

0.105 

-000.7 

99 

0.100 

0.059 

000.2 

0.200 

0.068 

000.7 

100 

0.2(X) 

0.030 

001.2 

0.300 

0.040 

002.0 

101 

0.300 

0.016 

003.1 

0.400 

0.024 

mj 

102 

0.400 

0.008 

005.6 

0.500 

0.013 

005.9 

103 

0.500 

0.003 

017.1 

0.600 

0.008 

CX)9.9 

104 

0.600 

0.001 

145.6 

0.700 

0.003 

020.3 

105 

0.700 

0.004 

173.5 

0.800 

0.001 

148.2 

106 

o.m 

0.006 

178.4 

0.900 

0.004 

176.4 

lOT? 

0.900 

0.006 

-178.2 

0.950 

0.004 

184.5 

loe 

0.950 

0.005 

-177.0 
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TABLE 8. - Continued 


lab 

ffi 


Fteferenoe frequency is 4 . 279 Hz 


^feg J^iase (deg) 

h 0.34 in -177.1 

0 1.22 cteg 0.0 


q ^fean OC 

ybdn (psf) (d^) 

0.67 146.1 0.05 


Upper surface at ETA =0.60 
Channel x/c Cp Mag Phase (deg) 

1 0.000 0,001 -010.7 

2 0.010 0.203 -180.8 

3 0.020 0.205 -180.7 

4 0.030 0.190 -180.6 

5 0.040 0.173 -180.6 

6 0.050 0.150 -180.8 

0.100 0.139 -180.1 

0.150 0.112 -179.4 

0.200 0.088 -178.9 

0.250 0.068 -177.5 

0.300 0.054 -176.7 

0.350 0.043 -176.7 

0.400 0.034 -175.8 

0.450 0.027 -175.0 

0.500 0.021 -173.9 

0.550 0.017 -172.2 

0.600 0.013 -170.8 

0.650 0.009 -170.8 

0.700 0.006 -164.5 

0.750 0.004 -156.3 

0.800 0.001 -112.6 

0.850 0.002 -025.1 

0.900 0.004 -008.0 

0.950 0.005 -000.7 

1.000 0.000 137.1 


Lower surface at ETA =0.60 


0.010 

0.203 

-001.6 

0,020 

0.209 

-000.5 

0.050 

0.159 

-000.4 

0.100 

0.139 

000.0 

0.200 

0.086 

001.6 

0.300 

0.054 

003.1 

0.400 

0.034 

005.1 

0,500 

0.021 

007,5 

0.600 

0.013 

012.0 

0.700 

0.007 

021.1 

0.800 

0.002 

069.4 

0.900 

0.004 

164.7 

0.950 

0.004 

175.9 



Upper surface at ETA = 0, 

.95 


Chanml 

x/c 

I^g 


Phase (deg) 

© 


0.000 

0.004 


-175.5 

D 


0.010 

0.153 


-180.4 

7L 


0.020 

0.150 


-180.6 

IZ 


0.030 

0.137 


-180.7 

73 


0,040 

0.124 


-180.4 

74 


0.050 

0.108 


-180.2 

75 


0.075 

0.099 


-180.0 

IS 


0,100 

0.078 


-179.8 

77 


0,150 

0.054 


-180.0 

78 


0,200 

0.040 


-178.5 

79 


0.250 

0.030 


-177.7 

80 


0.300 

0.022 


-176.8 

8L 


0.350 

0.016 


-175.5 

82 


0.400 

0.012 


-173.8 

83 


0.450 

0.008 


-170.9 

84 


0.500 

0.005 


-166.1 

85 


0.550 

0.002 


-151.0 

85 


0.600 

0.001 


-079.4 

87 


0.650 

0.002 


-020.2 

88 


0.700 

0.004 


-009.0 

© 


0.750 

0.006 


-006.0 

90 


0.800 

0.007 


-003.3 

3L 


0.850 

0.008 


-001.6 

92 


0.900 

0.008 


000.1 

93 


0.950 

0.005 


002.3 

94 


1.000 

0.001 


120.7 


Lower 

surface 

ti 

o 

95 


SB 


0.010 

0.151 


-000.5 

96 


0.020 

0.148 


-000.4 

97 


0.030 

0.137 


-000.4 

98 


0.050 

0.108 


-000.2 

99 


0.100 

0.077 


000.7 

100 


0.200 

0.040 


002.3 

101 


0.300 

0.022 


005.0 

102 


0.400 

0.011 


009.4 

103 


0.500 

0.005 


023.4 

104 


0.600 

0.002 


101.0 

1C5 


0.700 

0.004 


160.5 

106 


0.800 

0.007 


170.6 

107 


0.900 

0.008 


175.1 

108 


0.950 

0.006 


175.7 
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TABLE 8. - Continued 


q >fean Ot 

"Sab ^fech (psf) (d^) 

67 0.61 144.3 0.05 


Peference frequency is 4.339 Hz 


Phase (deg) 

h 0.25 in -177.3 

e 1.01 0.0 


Uper surface at ETA =0.60 
Channel x/c Phase (deg) 

1 O.CXDO 0.001 -010.1 

2 0.010 0.179 -180.9 

3 0.020 0.174 -180.8 

4 0.030 0.160 -180.6 

5 0.040 0,145 -180.7 

6 0.050 0,128 -180.8 

8 0.100 0.105 -180.0 

9 0.150 0.083 -179.3 

0.200 0.066 -178.9 

0.250 0.052 -177.5 

0.300 0.042 -176.5 

0.350 0.035 -176.5 

0.400 0.028 -175.5 

0.450 0.023 -175.0 

0.500 0.019 -173.6 

0.550 0.015 -172.0 

0.600 0.012 -170.4 

0.650 0.009 -170.7 

0.700 0.006 -164.9 

0.750 0.004 -158.9 

0.800 0.002 -139.6 

0.850 0.001 -073.1 

0.900 0,002 -019.5 

0,950 0.003 -006.1 

1.000 O.OCX) -037.6 


Lower surface at ETA = 0.60 


0.010 

0.179 

-001.7 

0.020 

0.180 

-000.6 

0.050 

0,134 

-OCX). 4 

0.100 

0.106 

000.1 

0.200 

0.065 

001.6 

0.300 

0.043 

002.9 

0.400 

0.029 

004.5 

0.500 

0.019 

006.0 

0,600 

0.013 

009.8 

0.100 

0.007 

014.6 

0.800 

0.002 

033.5 

0.900 

0.002 

154.8 

0.950 

0.002 

178.3 



Upper surface at ETA = 0, 

.95 


Channel 

x/c 

C^> h!ag 


Phase (deg> 

& 


0.000 

0.003 


-177.9 

10 


0.010 

0.130 


-180.8 

71 


0.020 

0.124 


-180.9 

IZ 


0.030 

0.111 


-181,0 

73 


0.040 

0.099 


-180.7 

74 


0.050 

0.087 


-180,5 

15 


0.075 

0.073 


-180,2 

IS 


0.100 

0.059 


-179.8 

77 


0.150 

0.042 


-179.8 



0.200 

0.030 


-178.3 

19 


0.250 

0.023 


-177.4 

80 


0.300 

0.017 


-176.3 

8L 


0.350 

0.013 


-174.5 

82 


0.400 

0.009 


-172,9 

83 


0.450 

0.006 


-168.4 



0.500 

0.004 


-161.8 

85 


0.550 

0.002 


-139.7 

86 


0.600 

0,001 


-081.2 

87 


0.650 

0.002 


-029.0 

88 


0.700 

0.003 


-016.5 

89 


0.750 

0.004 


-011.4 

90 


0.800 

0.006 


-007.3 

9L 


0,850 

0.006 


-CX)5.2 

92 


0.900 

0.006 


-003.9 

98 


0.950 

0.005 


-001.7 

91 


1.000 

0.001 


128.6 


Lower 

surface 

II 

o 

95 


96 


0.010 

0.129 


-000.8 

96 


0.020 

0.123 


-000.6 

97 


0.030 

0.112 


-000.6 

98 


0.050 

0.087 


-000.3 

99 


0.100 

0.060 


000.6 

100 


0.200 

0.031 


002.3 

101 


0.300 

0.018 


004.5 

102 


0.400 

0.010 


007.8 

103 


0.500 

0.005 


018.0 

104 


0.600 

0.001 


066.1 

105 


0.700 

0.003 


158.2 

106 


0.800 

0.005 


171.9 

107 


0.900 

0.006 


176.4 

108 


0.950 

0.005 


177.5 
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TABLE 8. - Continued 


q ]Sfean a 

laD Nbch (psf) (cteg) 

74 0.51 141.5 0.06 


Fteferenc3e frequency is 4.427 Hz 


Phase (deg) 

h 0.32 in -177.0 

0 1.49 deg 0.0 


sijrf ace at ETA =0.60 Upper surface at ETA = 0.95 


x/c 

Cp ^feg 

Phase (cfeg) 

Channel 

x/c 

Cp 

Phase (deg) 

0.000 

0.001 

“009.6 

0 

0.000 

0.007 

-178.5 

0.010 

0.282 

-180.7 

D 

0.010 

0.201 

-180.4 

0.020 

0.264 

-180.6 

71 

0.020 

0.183 

-180.5 

0.030 

0.237 

-180.3 

12 

0.030 

0.161 

-180.5 

0.040 

0,212 

-180.4 

73 

0.040 

0.142 

-180.1 

0.050 

0.188 

-180.3 

74 

0.050 

0.125 

-179.9 




15 

0.075 

0.098 

-179.6 

0.100 

0.142 

-179.5 

IS 

0.100 

0.082 

-179.2 

0.150 

0.111 

-178.9 

77 

0.150 

0.058 

-178.9 

0.200 

0.089 

-178.3 

IB 

0.200 

0.043 

-177.5 

0.250 

0.072 

-176.9 

19 

0.250 

0.033 

-176.5 

0.300 

0.060 

-176.1 

80 

0.300 

0.025 

-175.2 

0.350 

0.050 

-176.1 

8L 

0.350 

0.020 

-173.5 

0.400 

0.041 

-175.2 

82 

0.400 

0.014 

-171.3 

0.450 

0.035 

-174.4 

83 

0.450 

0.010 

-167.5 

0.500 

0.029 

-173.1 

84 

0.500 

0.007 

-162.0 

0.550 

0.024 

-171.7 

85 

0.550 

0.004 

-148.9 

0.600 

0.019 

-170.4 

86 

0.600 

0.002 

-118.6 

0.650 

0.015 

-170.2 

87 

0.650 

0.002 

-054.4 

0.700 

0.012 

-165.8 

88 

0.700 

0.004 

-026.6 

0.750 

0.008 

-162.1 

89 

0.750 

0.005 

-017.0 

0,800 

0.006 

-154.8 

90 

0.800 

0.007 

-011.3 

0.850 

0.003 

-136.1 

91 

0.850 

0.008 

-007.9 

0.900 

0.002 

-058.0 

92 

0.900 

0.007 

-005.4 

0.950 

0.003 

-015.1 

$ 

0.950 

0.006 

-002.2 

1.000 

0.000 

-070.5 

94 

1.000 

0.001 

148.0 

surfacje at 

EEA = 0.60 


Lcwer surface at ETA = 0. 

95 

0.010 

0.281 

-001.3 

96 

0.010 

0.196 

-000.4 

0.020 

0.269 

-000.4 ■ 

96 

0.020 

0.180 

-000.3 




97 

0.030 

0.160 

-000.3 

0.050 

0.191 

-OCX). 2 

98 

0.050 

0.123 

000.0 

0.100 

0.142 

000.3 

99 

0.100 

0.082 

000.8 

0.200 

0.088 

001.6 

100 

0.200 

0.044 

002.3 

0.300 

0.061 

003.0 

101 

0.300 

0.025 

004.6 

0.400 

0.042 

004.6 

102 

0.400 

0.015 

007.8 

0.500 

0.029 

006.2 

103 

0.500 

0.007 

016.3 

0.600 

0.019 

008.9 

104 

0.600 

0.002 

058.6 

0.700 

0.012 

012.6 

105 

0.700 

0.004 

153.7 

0.800 

0.006 

020.6 

106 

0.800 

0.007 

169.6 

0.900 

0.001 

111.9 

107 

0.900 

0.009 

176.2 

0.950 

0.002 

177.7 

loe 

0.950 

0.007 

178.2 
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TABLE 8. - Continued 


Ta^ 

79 


^fedh 

0.45 


q 

(psf) 

137.4 


Maan a 
(deg) 
0.06 


Reference frequency is 4.474 Hz 


h 

e 


0.23 in 
1.22 dbg 


Phase (deg) 
-176.7 
0.0 


Upper surface at ETA = 0.60 
Channel 


C|per surface at ETA = 0.95 


x/c 

Qj ffeg 

Phase (deg) 

Channel 

x/c 


Phase (deg) 

0.000 

0.001 

-020.5 

© 

0.000 

0.005 

-175.2 

0.010 

0.231 

-180.5 

D 

0.010 

0.163 

-180.3 

0.020 

0.211 

-180.4 

7L 

0.020 

0.146 

-180,3 

0.030 

0.188 

-180.2 

72 

0.030 

0.128 

-180.3 

0.040 

0.168 

-180.2 

73 

0.040 

0.112 

-180,1 

0.050 

0.148 

-180.1 

74 

0.050 

0.098 

-179.9 




'B 

0.075 

0.077 

-179.6 

O.ICX) 

0.111 

-179.3 

76 

0.100 

0.065 

-179.2 

0.150 

0.087 

-178.7 

77 

0.150 

0.046 

-178.8 

0.200 

0.070 

-178.1 

IB 

0.200 

0.034 

-177.5 

0.250 

0.057 

-176,7 

19 

0.250 

0.026 

-176.6 

0.300 

0.047 

-175.8 

83 

0.3CX) 

0.020 

-175.2 

0.350 

0.039 

-175,8 

81 

0.350 

0.015 

-173.6 

0.400 

0.033 

-175.0 

82 

0.400 

0.011 

-171.3 

0.450 

0.028 

-174.1 

83 

0,450 

0.008 

-168.0 

0.500 

0.023 

-173.0 

BA 

0,500 

0.006 

-162.1 

0.550 

0.019 

-171,8 

85 

0.550 

0.003 

-150.3 

0.600 

0.016 

-170.4 

86 

0.600 

0.002 

-125.1 

0.650 

0.012 

-169.7 

87 

0.650 

0.002 

-059.0 

0.700 

0.010 

-166.4 

88 

0.700 

0.003 

-027,4 

0.750 

0.007 

-163.9 

© 

0.750 

0.004 

-017.1 

0.800 

0.006 

-159.6 

90 

0.800 

0.005 

-011.2 

0.850 

0.003 

-145.8 

9L 

0.850 

0.006 

-007.0 

0.900 

0.001 

-094.9 

92 

0.900 

0.006 

-004.4 

0.950 

0,002 

-015.6 

93 

0.950 

0.005 

-<X)2.2 

1.000 

0.000 

-051.5 

9i 

1.000 

0.001 

150.2 

surface at 

ETA = 0.60 


Lower surface at 

e:ea = 0.95 


0.010 

0.230 

-001.1 

96 

0.010 

0.159 

-000.3 

0.020 

0.216 

-000.3 

96 

0.020 

0.144 

-000.1 




97 

0.030 

0.127 

-000.1 

0.050 

0.151 

000.0 

98 

0.050 

0.096 

0(X).2 

0.100 

0.110 

000.6 

99 

O.ICX) 

0.064 

001.1 

0.200 

0.068 

001.9 

100 

0.200 

0.034 

002.8 

0.300 

0.048 

003.4 

101 

0.300 

0.020 

005.4 

0.400 

0.033 

005.1 

102 

0.400 

0.012 

009.2 

0.500 

0.024 

007.0 

103 

0.500 

0.006 

019.9 

0.600 

0.017 

009.8 

104 

0.600 

0.002 

059.9 

0.700 

0.010 

013.7 

1C5 

0.700 

0.003 

148.7 

0.800 

0.005 

021.6 

106 

0.8CX) 

0.006 

167.9 

0.900 

0.001 

085.4 

107 

0.900 

0.008 

174.5 

0.950 

0.001 

170.2 

108 

0.950 

0.006 

176.9 
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TABLE 8. - Continued 


q ^tean 

laD I^ch (psf) (d^) 

84 0.39 137.3 0.07 


Referenoe frequency is 4.511 Hz 


Phase (d^) 

h 0.35 in -176.2 

0 1.93 0.0 


Upper surface at ETA = 0.60 


Upper surface at EEA = 0.95 


x/c 

Cp Nfeg 

Phase (deg) 

Channel 

x/c 

Op bfeg 

0.000 

0.001 

-058.1 

© 

0.000 

0.010 

0.010 

0.366 

-180.4 

7D 

0.010 

0.258 

0.020 

0.333 

-180.3 

7L 

0.020 

0.228 

0.030 

0.293 

-180.1 

T2 

0.030 

0.198 

0.040 

0.261 

-180.0 

73 

0.040 

0.174 

0.050 

0.230 

-179.9 

74 

15 

0.050 

0.075 

0.152 

0.118 

0.100 

0.170 

-179.1 

75 

0.100 

0.099 

0.150 

0.133 

-178.4 

77 

0.150 

0.070 

0.200 

0.107 

-177.8 

’B 

0.200 

0.053 

0.250 

0.087 

-176.1 

79 

0.250 

0.041 

0.300 

0.073 

-175.2 

00 

0.300 

0.031 

0.350 

0.061 

-175.2 

81 

0.350 

0.024 

0.400 

0.052 

-174.1 

82 

0.400 

0.018 

0.450 

0.044 

-173.3 

83 

0.450 

0.013 

0.500 

0.037 

-172.0 

84 

0.500 

0.010 

0.550 

0.031 

-170.5 

85 

0.550 

0.006 

0.600 

0.025 

-168.9 

86 

0.600 

0.004 

0.650 

0.021 

-168.0 

87 

0.650 

0.003 

0.700 

0.016 

-164.7 

88 

0.700 

0.004 

0.750 

0.011 

-161.3 

© 

0.750 

0.005 

0.800 

0.009 

-157.1 

90 

0.800 

0.007 

0.850 

0.005 

-147.0 

91 

0.850 

0.008 

0.900 

0.002 

-108.1 

92 

0.900 

0.008 

0.950 

0.003 

-020.6 

93 

0.950 

0.006 

1.000 0.000 
surface at ETA =0.60 

-017.9 

94 1.000 0.001 

Lower surface at ETA = 0 

0.010 

0.365 

-000.9 

96 

0.010 

0.251 

0.020 

0.338 

-000.2 

96 

97 

0.020 

0.030 

0.225 

0.196 

0.050 

0.234 

000.2 

98 

0.050 

0.150 

0.100 

0.169 

000.8 

99 

0.100 

0.099 

0.200 

0.106 

002.2 

100 

0.200 

0.053 

0.300 

0.074 

003.9 

101 

0.300 

0.032 

0.400 

0.052 

005.8 

102 

0.400 

0.019 

0.500 

0.038 

007.9 

103 

0.500 

0.009 

0.600 

0.026 

011.0 

104 

0.600 

0.004 

0.700 

0.017 

014.9 

105 

0.700 

0.004 

0.800 

0.009 

021.7 

106 

0.800 

0.007 

0.900 

0.002 

053.0 

10T7 

0.900 

0.010 

0.950 

0.001 

156.0 

108 

0.950 

0.007 


Phase (deg) 
-177.2 
-180.2 
-180.2 
-180.2 
-179.9 
-179.7 
-179.3 
-178.9 
-178.2 
-177.0 
-175,8 
-174.3 
-172.2 
-169.7 
-165.8 
-160.6 
-149.6 
-127.6 
-077.1 
-040.0 
-024.4 
-016.4 
- 010.8 
-007.0 
-004.1 
152.1 


-000.3 

- 000.1 

000.0 

000.3 

001.4 

003.3 

006.4 

010.8 

021.5 
056.1 

138.5 
163.4 

172.6 
174.9 
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TABLE 8. - Continued 


q ^fean Ot 

T3b (psf) (deg) 

91 0.30 131.4 0.07 


Refer^oe frequency is 4.560 Hz 


Phase (d^) 

h 0.27 in -175.5 

e 1.63 0.0 


Upper surface at ETA = 0.60 surface at Em = 0.95 


Channel 

x/c 

Cp ^feg 

Phase (deg) 

Channel 

x/c 


Phase (deg) 

1 

0.000 

0.002 

-168.3 

© 

0.000 

0.010 

-178.6 

2 

0.010 

0.309 

-180.6 

X 

0.010 

0.217 

-180.3 

3 

0.020 

0.277 

-180.4 

71 

0.020 

0.189 

-180,3 

4 

0.030 

0.242 

-180.2 

12 

0.030 

0.163 

-180.2 

5 

0.040 

0.215 

-180.0 

13 

0.040 

0.143 

-179.9 

6 

0.050 

0.188 

-179.9 

74 

0.050 

0.125 

-179.7 

7 

0.075 

0.162 

-179.4 

75 

0.075 

0.096 

-179.1 

8 

0.100 

0.139 

-178.9 

X 

0.100 

0.081 

-178.5 

9 

0.150 

0.108 

-178.0 

77 

0.150 

0.057 

-177.5 

ID 

0.200 

0.087 

-176.3 

78 

0.200 

0.045 

-176.1 

n 

0.250 

0.071 

-175.1 

79 

0.250 

0.034 

-174.7 

22 

0.300 

0.060 

-175.1 

80 

0.300 

0.026 

-172.7 

23 

0.350 

0.051 

-173.9 

81 

0.350 

0.021 

-170.2 

14 

0.400 

0.043 

-172.6 

82 

0.400 

0.015 

-167.0 

15 

0.450 

0.036 

-171.5 

83 

0.450 

0.011 

-162.3 

16 

0.500 

0.031 

-169.7 

84 

0.500 

0.008 

-155.7 

62 

0.550 

0.027 

-168.0 

86 

0.550 

0.006 

-144.7 

23 

0.600 

0.021 

-166.0 

86 

0.600 

0.004 

-122.6 

63 

0.650 

0.018 

-164.6 

87 

0.650 

0.003 

-084.0 

2) 

0.700 

0.015 

-161.5 

88 

0.700 

0.004 

-049.1 

21 

0.750 

0.011 

-157.4 

© 

0.750 

0.005 

-030.9 

22 

0.800 

0.008 

-152.5 

90 

0.800 

0.006 

-021.2 

66 

0.850 

0.005 

-141.9 

91 

0.850 

0.007 

-015.1 

24 

0.900 

0.003 

-112.7 

92 

0.900 

0.006 

-010.5 

25 

0.950 

0.002 

-032.8 

93 

0.950 

0.005 

-005.4 

26 

1.000 

0.000 

-023.8 

94 

1.000 

0.001 

152.8 

L<>er 

surface at 

ETA = 0.60 


Lower surface at ETA = 0.95 


21 

0.010 

0.305 

-000.9 

96 

0.010 

0.210 

-000.3 

13 

0.020 

0.280 

-(X)0.3 

96 

0.020 

0.186 

-000.2 

29 

0.030 

0.245 

-000.4 

97 

0.030 

0.161 

CX)0.0 

30 

0.050 

0.191 

000.2 

98 

0.050 

0.123 

000.3 

31 

0.100 

0.138 

001.0 

99 

0.100 

0.081 

001.6 

32 

0.200 

0.087 

002.8 

100 

0.200 

0.044 

004.1 

33 

0.300 

0.061 

004.8 

101 

0.300 

0.026 

008.0 


0.400 

0.044 

007.0 

102 

0.400 

0.016 

013.7 

35 

0.500 

0.033 

009.7 

103 

0.500 

0.008 

027.6 

36 

0.600 

0.023 

013.0 

104 

0.600 

0.003 

065.8 

37 

0.700 

0.016 

017,3 

105 

0.700 

0.004 

134.8 

38 

0.800 

0.009 

022.9 

106 

0.800 

0.007 

160.5 

39 

0.900 

0.003 

042.5 

107 

0.900 

0.008 

170.7 

40 

0.950 

0.001 

113.6 

108 

0.950 

0.007 

175.1 
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TABLE 8. - Continued 


q ffean a 
^fech (psf) (dag) 
129 0.80 147.2 0.06 


Inference freqiiency is 4.094 Hz 


Phase (deg) 

h 0.25 in -177.4 

0 0.60 cfeg 0.0 


l^^per surface at ETA =0.60 


Upper surface at ETA = 0.95 


Qiannel x/c 

0.000 
0.010 
0.020 
0.030 
0.040 
0.050 

0.100 
0.150 
0.200 
0.250 
0.300 
0.350 
0.400 
0.450 
0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.000 


Lower surface at 
0.010 
0.020 

0.050 

0.100 

0,200 

0.300 

0.400 

0.500 

0.600 

0.700 

0.800 

0.900 

0.950 


op ^feg 

Phase (deg) 

0.000 

-062.6 

0.068 

-181.0 

0.068 

-181.0 

0.062 

-180.9 

0.053 

-181.0 

0.044 

-181.3 

0.087 

-181.7 

0.038 

-180.0 

0.044 

-180.3 

0,054 

-181.1 

0.079 

-178.4 

0.157 

-178.4 

0.016 

-164.7 

0.010 

-016.7 

0.008 

-013.3 

0.006 

-015.0 

0.004 

-015.1 

0.003 

-020.1 

0.003 

^12.5 

0.003 

-009.5 

0.003 

-006.5 

0.003 

-003.4 

O.CX)3 

001.1 

0.002 

000.6 

0.000 

010.1 

JEA = 0. 

60 

0.067 

-002.1 

0.069 

-000.7 

0.049 

-000.8 

0.078 

-001.2 

0.046 

000.3 

0.085 

-000.7 

0.008 

028.1 

0.008 

164. 9“ 

0.004 

156.0 

0.003 

159.6 

0.003 

164.2 

0.002 

173.0 

0.001 

197.2 


Channel 

x/c 

0 

0.000 

7) 

0.010 

7L 

0.020 

72 

0.030 

73 

0.040 

74 

0.050 

15 

0.075 

16 

0.100 

77 

0.150 

78 

0.200 

79 

0.250 

80 

0.300 

a 

0.350 

82 

0.400 


0.450 

84 

0.500 

85 

0.550 

86 

0.600 

87 

0.650 

SB 

0.700 

89 

0.750 

90 

0.800 

91 

0.850 

92 

0.900 

93 

0.950 

91 

1.000 

Lower 

surface 

96 

0.010 

96 

0.020 

97 

0.030 

98 

0.050 

99 

0.100 

100 

0.200 

101 

0.300 

102 

0.400 

103 

0.500 

104 

0.600 

105 

0.700 

106 

0.800 

107 

0.900 

108 

0.950 


Cp Phase (deg) 

0.001 -170,4 

0.059 -179.9 

0.059 -180.3 

0.056 -180.6 

0.049 -180.3 

0.037 -180.1 

0.092 -180.9 

0.058 -180.1 

0.029 -181,2 

0.035 -179.6 

0.032 -178,2 

0.018 -175.5 

0.010 -171.2 

0.005 -164.6 

0.002 -151.7 

0.001 -^95.6 

0.001 -030.9 

0.002 -013.2 

0.003 -007.2 

0.003 -002.9 

0.004 -002.2 

0.004 -000.2 

0.005 000.9 

0.004 002.7 

0.002 005.6 

0.000 067.6 


at ETA = 0.95 

0.059 000.0 
0.060 000.1 
0.055 000.0 
0.040 000.1 
0.068 000.3 
0.032 000.8 
0.017 002.9 
0.005 010.8 
0.001 094.1 
0.002 162.7 
0.004 170.2 
0.005 175.3 
0.005 177.7 
0.003 177.6 
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TABLE 8. - Concluded 


q ^fean « 

Ifeb ^fedl (psf) (cfeg) 

134 0.82 159.5 0.07 


Peferenoe frequaicy is 4.069 Hz 


^feg Phase (deg) 
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0 0.42 0.0 


Upper surface at ETA =0.60 
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x/c 


Phase (<teg) 
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x/c 

Op 
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0.000 

O.OCX) 

-202.6 

0 

0.000 

0.001 

-182.7 

0.010 

0.044 

-180.3 

10 

0.010 

0.038 

-179.8 

0.020 

0.043 

-180.4 

7L 

0.020 

0.038 

-180.1 

0.030 

0.040 

-180.1 

H 

0.030 

0.036 

-180.3 

0.040 

0.033 

-180.3 

73 

0.040 

0.031 

-180.0 

0.050 

0.025 

-180.6 

74 

0.050 

0.023 

-179.8 





0.075 

0.042 

-180.7 

0.100 

0.101 

-180.3 

75 

0.100 

0.108 

-179.6 

0.150 

0.021 

-179.3 

77 

0.150 

0.016 

-179.7 

0.200 

0.018 

-179.2 


0.200 

0.012 

-177.2 

0.250 

0.024 

-179.4 

79 

0.250 

0.018 

-178.0 

0.300 

0.030 

-180.0 

80 

0.300 

0.022 

-179.0 

0.350 

0.034 

-180.0 

a 

0.350 

0.018 

-177.0 

0.400 

0.081 

-179.3 

82 

0,400 

0.007 

-172.4 

0.450 

0,057 

-177.4 

83 

0.450 

0.003 

-159.6 

0.500 

0.008 

-164.6 

8i 

0.500 

0.001 

-095.1 

0.550 

0.004 

-025.6 

85 

0.550 

0.002 

-027.3 

0.600 

0.006 

-012.2 

86 

0.600 

0.002 

-015.8 

0.650 

0.006 

-011.6 

87 

0.650 

0.003 

-012.3 

0.700 

0.006 

-008.4 

88 

0.700 

0.003 

-006.6 

0.750 

0.005 

-006.2 

0 

0.750 

0.003 

-004.1 

0.800 

0.004 

-006.6 

90 

0.800 

0.004 

-002.5 

0.850 

0.004 

-004.8 

a 

0.850 

0.004 

-000.5 

0.900 

0.003 

-001.6 

92 

0.900 

0.003 

001.4 

0.950 

0.002 

-001.0 

93 

0.950 

0.002 

003.8 

1.000 

O.OCX) 

003.2 

94 

1.000 

0.001 

049.2 

surface at EHA =0.60 


Lower surface at EIA = 0. 

95 

0.010 

0.043 

-001.3 

96 

0.010 

0.037 

CXX}.4 

0.020 

0.044 

000.1 

96 

0.020 

0.038 

000.4 




97 

0.030 

0.036 

000.3 

0.050 

0.029 

000.1 

96 

0.050 

0.025 

000.3 

0.100 

0.077 
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107 
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ICB 

0.950 

0.002 

177.9 
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TABLE 9. - Summary of test conditions where pressures 
were measured with the mount rigidized 


Tab 

Nominal Mach 

Nominal q, psf 

Alpha Set* 

668-672 

0.30 

129 

a 

664-667 

0.40 

139 

a 

656-659 

0.50 

139 

a 

652-655 

0.60 

138 

a 

648-651 

0.70 

140 

a 

640-647 

0.75 

140 

b 

632-639 

0.77 

139 

b 

621-631 

0.78 

140 

b+c 

613-620 

0.79 

137 

b 

605-612 

0.80 

138 

b 

597-604 

0.81 

139 

b 

589-596 

0.82 

140 

b 

585-588 

0.85 

136 

a 


• Alpha Sets: 

a: a = 0.0, 1 .0, 2.0, 4.0 degrees. 

b: a = -10, 0.0, 1.0, 2.0, 3 0, 4.0, 5.0, 6.0 degrees. 

c: a = 2.5, 3.5, 4.5 degrees. 
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TABLE 10. - Measured steady pressure data with the mount system rigidized 
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TABLE 10. - Continued 
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TABLE 10. - Continued 
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TABLE 10. - Continued 
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TABLE 10. - Continued 


O’ 


8Sgg88888ggSSSSg3^gg§8888 

^ ooooooooooooooooooooooooo 


8888800 SS 00088 

00000000000000 


m 


I 

& 


i--j^VOV£>OOfn<^<X>Q^»^tniMU^CNJOOVf)CslMo^C^H^in 
•^OrHojcNnoDoo cK f^ ^f*icvj<Njf-Ho»Ho«-iooo»Hrsjo 


'?????????????????°?? 


000 


«^SSf5SigES8Ss;s; 


0000 


????????°° 


^ornt-Hf^r~fV£)^tOiOO(Ti<Ticpt-Hcx 5 r^ 

ssf^jg;^gSsssF!ssss2^ 


tHojr^i-iv£)r^fHCMO^r> 

^^■''th»hvpcnio^^»-i 

»Hf\J0iHiH0r-40 


« 6* ^?????????????????????°°° 


l§^282S5iS8f3iqii 

o O o O <!j> <p <j> Cj) <j> <j 5 O <j> d 


4-1 


& 


iQ^ 2 ^ror^,^^r^csjocs}VD(Nr'Choo(T)r~ ^ 00 o i-n *— < on vd 

§822?i^§£ag[oK5ii5S2?;J§28§§§SS 

*?’???? ????’????W??????? 


SNSs2ggg!HiQS;182 

ooooocj><j><j><j><j>od<^d 


s pi§§gg§ppi?p§§|?ig|gi iiiipsigig 


000000000000000000000000 


o o < 

iH r ‘ ■ 

oooo«-H<sj<^Tri7^v5p^^ 
OOOOOOOOOOOOOO 


s8 

B 


SpFipp?|QfSpfSpgss3ssgsggg5;gig>gi: «}SB;*8!8S8SS88S8 


g 


® iS g g g eg 00 ^ ^ ^ ^ ^ o\ VD vx> VO ^ VO 00 VD n r- <Tt cn 
o 8oqo88888888SSoooooSS88gg 
^ ooooooooooooooooooooooooo 


00 CTk 
88 
d d 


OOOOOfHOOO 

000000000 




I 89 


o 

M 

« 


iQio^rooor^»HninfMV£) 

""°????????????? 


oonTTroiHr^oooKoooc^oootn^^^^CNjdcorHoo 




s 


OSV£>i-I^C\<\iHOiH 

SSgSsJiSSSS 

°???????? 


r -4 lO 

^ ON 
CM O 


_ 00 n 

to CM *-l CM 


(S' '^°????????V?V???? ???????? io®° °? ??????? 


4-1 


a- 


|g|S5S8ggggssPRsipg:sgpgs 

o*-tCMoorOrHr^oooNcoo^coTr^^CMrocni-«CMCMO 


ss 




iSi 


gpgp: 

CM O CntO ’ 

°???????? 


^ iiiii§si§i§§^i§§§§§p^§§§§ 

« o o o o o o o o o o o o d d d d d d d d d d d d r-i 


o o 
t-» CM 

o o 


QOOOOOOOQ 

ssggggsgg 

000000000 


^cMr,^,nvc,^a)oS^3g33iqa(SSQgf;|82W5^ 8f^8P;9:g8P58 


44 



TABLE 10. - Condnued 
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Figure 1. NACA 0012 airfoil model mounted in TDT. 


32.0 ineh 



Hguie 2. Wing model planform. 



Figure 3. Orifice and pressure transduce locations at 60-percent and 9S-peicait qxm stations. 
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Figure 5. PAPA flexible mount 



Wind tunnel wall 


Ftow 



Pedestal 


Wing model 


Circular end-plate 


Splitter plate 


Figure 7. Tq> view sketch of the PAPA assembly (fairing over rods is not shown). 
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Dynamic 

pressure, 

psf 



Figure 8. Conventional flutter boundary (d= 0 degrees). 
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figure 9, Steady pressure distribution during flutter for the 60 percent and 95 percent span station. 
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Figure 10. Unsteady pressure distribution during flutter 
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